Phosphoglycolate and phosphoglycerate phosphatases and glycolate dehydrogenase activities were determined in division synchronized Euglena gracilis strain Z cultures. Phosphoglycolate phosphatase activity remained nearly constant in the light but doubled in the dark, whereas phosphoglycerate phosphatase activity decreased by half in the light and increased 4-fold over the dark phase of the cycle. Glycolate dehydrogenase activity assayed by dye reduction increased over the light and remained constant during the dark phase, but when determined by the phenylhydrazone method, an assay dependent upon the presence of a natural hydrogen acceptor, activity decreased in the dark phase. The acceptor decayed in the dark in all cell-free extracts and 3-(3, 4-dichlorophenyl)-1, 1-dimethylurea inhibited light regeneration.
Glycolate excretion by algae (18) was originally explained by Hess and Tolbert (9) as being the result of the absence of glycolate oxidase in algae. Since then the presence of glycolate dehydrogenase, allowing a further metabolism of glycolate, has been demonstrated in several green algae (4, 12, 15, 20) . It was further shown by Nelson and Tolbert (15) that the activity of this enzyme in Chlamydomonas is markedly affected by the growth conditions, as is glycolate dehydrogenase activity in Euglena (4) . The amount of 14C present in glycolate when division synchronized cultures of Euglena are allowed to fix "4CO2 photosynthetically varies drastically over the cycle (3) . This may result from variation in the capacity of the cells for the further metabolism of glycolate over the cycle. To investigate this we have determined whether activity of enzymes of glycolate metabolism regulates glycolate pool size in division synchronized cultures of Euglena.
MATERIALS AND METHODS
Axenic cultures of E. gracilis Klebs strain Z were grown, synchronized, and sampled as described before (3) . Cell-free extracts were prepared by sonication (three 15 sec periods) of the cells suspended in 0.1 M potassium phosphate buffer (pH 8.2 ) and kept at 1 C. Cells were suspended in 0.1 M tris-acetate buffer, pH 7.0, containing a few milligrams of GSH for phosphatase assays. Cell debris was removed by centrifugation for 5 min at 5000g. Extracts were also prepared by passing a dense suspension in buffer at the required pH through an ice-cold French pressure cell at 20,000 psi. Protein was determined by the method of Lowry et al. (14) .
Enzyme Assays. The following enzymes were measured as described in the references: glyoxylate-glutamate aminotransferase (11), serine hydroxymethyltransferase (17) by the addition of 20 ,umoles serine (13) . Preliminary assay showed the cell extract contained negligible lactate dehydrogenase activity.
Glycolate dehydrogenase was assayed by the DCPIP reduction method (20) . Glycolate oxidation by cell extracts was also assayed by measuring an increase in absorbance at 324 nm consequent upon the formation of glyoxylate phenylhydrazone (12) . This assay is dependent upon the presence in cell extracts of a natural hydrogen acceptor which decays in the dark. To study the effect of inhibitors on the regeneration of this acceptor, the cell extract was kept on ice in the dark until the ability to form glyoxylate phenylhydrazone had been lost (1 hr (19) , except that ceric sulfate oxidations were allowed to proceed for 3 hr. 1-"4C-Glycerate (Schwarz Bioresearch Inc.) was purified by chromatography and used to check the efficiency of the degradation procedure. Eighty-five percent of 14C was found in the carboxyl carbon, and 94% recovery was obtained. I-'C-Glycolate (Radiochemical Centre, Amersham) was purified by chromatography and used to confirm the glycolate degradation procedure, in which 89% of the "C was present in the carboxyl carbon and 94% recovery was obtained. The recoveries from the degradation of samples were determined by the method of Zelitch (19) and confirmed by precipitation of the trapped 14CO2 using saturated barium chloride and gravimetric determination of the barium carbonate. The "CO, was released by acidification in a stoppered serum bottle, trapped in 0. (Fig. 1) . Glycolate dehydrogenase activity increased 4-fold over the light phase of the division cycle and remained at this level throughout the dark phase (Fig. 2) . Enzyme assay by phenylhydrazone formation gave lower levels of activity, the over-all rate probably being limited by the availability of hydrogen acceptor in these extracts (Fig.  2) . ITnhibition of glycolate oxidation by a-HPMS at stages over the division cycle did not reveal a doubling in the capacity of the culture for glycolate biosynthesis (Fig. 1) ; to determine accurately the peak of glycolate biosynthesis, the culture would have to be assayed at many more points over the division cycle. Similar levels of glycolate dehydrogenase activity were found in random air-grown cultures of Euglena as those in division synchronized cultures (Table I) . Growth of cultures on 5 % CO, decreased glycolate dehydrogenase activity.
Phosphoglycolate and Phosphoglycerate Phosphatases over the Cycle. Levels of P-glycolate phosphatase did not vary markedly in the light phase, after which activity doubled by the end of the following dark phase (Fig. 3) . Assuming that glycolate is being formed by the hydrolysis of P-glycolate, changes in the level of this enzyme will not account for the changes in glycolate excretion (Table I) , as activity is increasing when glycolate excretion is minimal (17 hr Glycerate-3-P 1.39 phosphatase activity varied over the cycle in a different manner than P-glycolate phosphatase activity, decaying in the light phase, followed by a 4-fold increase over the dark phase of the cycle (Fig. 3) . Glycerate-3-phosphatase activity is minimal (12-hr stage) when maximum levels of glycolate dehydrogenase activity were observed. Variation in glycerate-3-phosphatase activity suggested that at some stages glycerate may be formed from P-glycerate while at other times it is formed by another pathway. When glycerate was degraded from 3 hr-and 23-hr cells (greatest PGA phosphatase activity), 64% of the "4C was in the C-1 position, whereas with 12-hr and 17-hr cells the tivity. The addition of DCMU gave the greatest inhibition of the restoration of activity (78%). The addition of quinacrine, which inhibits photosynthetic phosphorylation in isolated chloroplasts (5) , caused a slight inhibition of activity (24%), while phlorizin, an energy transfer inhibitor (10) , had no effect. 
